1. Introduction {#s0005}
===============

Calcifying pseudoneoplasms of the neuraxis (CAPNONs) are very rare lesions; only 90 cases including 54 (60%) intracranial cases and 36 (40%) spinal cases have been reported [@bb0005], [@bb0010], [@bb0015], [@bb0020], [@bb0025], [@bb0030], [@bb0035], [@bb0040], [@bb0045], [@bb0050], [@bb0055], [@bb0060], [@bb0065], [@bb0070], [@bb0075], [@bb0080], [@bb0085], [@bb0090], [@bb0095], [@bb0100], [@bb0105], [@bb0110], [@bb0115], [@bb0120], [@bb0125], [@bb0130], [@bb0135], [@bb0140], [@bb0145], [@bb0150], [@bb0155], [@bb0160], [@bb0165], [@bb0170], [@bb0175], [@bb0180], [@bb0185], [@bb0190], [@bb0195], [@bb0200], [@bb0205], [@bb0210], [@bb0215], [@bb0220], [@bb0225], [@bb0230], [@bb0235], [@bb0240], [@bb0245], [@bb0250], [@bb0255], [@bb0260], [@bb0265], [@bb0270], [@bb0275], [@bb0280], [@bb0285], [@bb0290], [@bb0295]. These lesions are benign and slow growing, and can present anywhere in the central nervous system, both intracranially and involving the spine. The symptoms depend on the location of the lesion: for example, intracranial lesions can cause headache, seizure, motor paralysis, cranial nerve deficits, or cognitive dysfunction, while spinal lesions can cause back pain, radiculopathy, or myelopathy. Patients with intracranial and supratentorial lesions often present with seizures [@bb0275]. Up to now, there have been few reports with detailed descriptions of drug-resistant epilepsy caused by CAPNON [@bb0120], [@bb0140], [@bb0160], [@bb0275], [@bb0290].

A case of CAPNON that presented with a long history of drug-resistant left temporal lobe epilepsy and was treated successfully with surgical removal is presented.

2. Case presentation {#s0010}
====================

2.1. History and examination {#s0015}
----------------------------

A 52-year-old right-handed man had a history of drug-resistant seizure for over 36 years. When he was 16 years old, he had his first episode of focal impaired awareness seizure (FIAS). He took some anti-seizure drugs for several years and stopped thereafter. His frequency of seizures was once per several months, but he had not taken any anti-seizure drugs afterwards. At the age of 47 years, he had a generalized tonic--clonic seizure while at work. He then again started taking anti-seizure drugs. However, his seizures were not well controlled by any kinds of anti-seizure drugs for over five years and increased in frequency to several times per day. Finally, he was referred to our hospital taking carbamazepine 200 mg and lamotrigine 150 mg daily. Computed tomography showed a mass lesion (14 × 18 × 12 mm^3^) with massive calcification at the mesial side of the left temporal lobe ([Fig. 1](#f0005){ref-type="fig"}). Magnetic resonance imaging (MRI) showed a mixed low-intensity mass without edematous change surrounding the lesion on T1 and T2-weighted imaging, and it showed markedly low intensity on susceptibility-weighted imaging ([Fig. 2](#f0010){ref-type="fig"}A--C). There were no features of hippocampal sclerosis apparent on FLAIR imaging ([Fig. 2](#f0010){ref-type="fig"}D). Fluorodeoxyglucose-positron emission tomography showed prominent hypo-metabolism in the lesion and relatively low accumulation at both mesial and lateral parts of the left temporal lobe compared with the right side ([Fig. 3](#f0015){ref-type="fig"}). Electroencephalography showed frequent spikes and waves at F7, T3, and T5 ([Fig. 4](#f0020){ref-type="fig"}). Magnetoencephalography showed dipoles clustering with upper direction at the frontal base, not at the hippocampus ([Fig. 5](#f0025){ref-type="fig"}). We performed video-EEG monitoring for three days, however, could not capture his seizure at that time. We did not pursue repeat video-EEG evaluations because other preoperative evaluations strongly suggested that the epileptogenic focus was in the left mesial temporal lobe. On neuropsychological testing, the Mini Mental State Examination score was 26/30 points. On the Wechsler Adult Intelligence Scale, verbal IQ was 69; performance IQ was 99; full scale IQ was 81; verbal comprehension was 71; perceptual organization was 95; working memory was 83, and processing speed was 97. The Wechsler Memory Scale Revised showed that verbal memory was 57; visual memory was 102; general memory was 66; attention was 110, and delayed recall was 53. Verbal memory and delayed recall were overall markedly lower than visual memory. Considering these findings, the diagnosis of symptomatic left temporal lobe epilepsy strongly related to the mass lesion located at the left mesial temporal lobe was made. The initial preoperative diagnosis of the lesion was cavernoma with calcification, ganglioglioma or oligodendroglioma.Fig. 1Computed tomography showing a high-density lesion (14 × 18 × 12 mm^3^) at the left mesial temporal lobe. (A): soft tissue density image (B): bone density image.Fig. 1Fig. 2Magnetic resonance imaging showing a mass lesion at the left mesial temporal lobe. The lesion is low intensity on the T1-weighted image (A), mixed intensity on the T2-weighted image (B), and low intensity on the susceptibility-weighted image (SWI) (C). There are no features of hippocampal sclerosis apparent on the coronal FLAIR image (D).Fig. 2Fig. 3Fluorodeoxyglucose-positron emission tomography showing prominent hypo-metabolism in the lesion (red arrows) and relatively low metabolism at both mesial and lateral sides of the left temporal lobe compared with the right side of the hemisphere (white arrows).Fig. 3Fig. 4Interictal electroencephalography showing a spike and wave pattern at F7, T3, T5, and T1 with the average (AV) reference (red arrows).Fig. 4Fig. 5Magnetoencephalography showing clustering dipole (red circles) accumulations with upper direction at the frontal base, not at the hippocampus.Fig. 5

Since his epilepsy was drug-resistant despite taking anti-seizure drugs, removal of the lesion was chosen as the treatment strategy. The lesion was located in the mesial temporal lobe close to the hippocampus, and it was suspected that the hippocampus had some relevance for his seizures. However, pure lesionectomy without hippocampectomy was selected as the initial surgical strategy according to our surgical concept [@bb0300].

2.2. Operation {#s0020}
--------------

A frontotemporal craniotomy was performed, and the Sylvian fissure was dissected widely. A small corticotomy was made at the temporal tip to approach the lesion. The lesion was a stone-like yellow mass and was completely removed in one piece ([Fig. 6](#f0030){ref-type="fig"}). After removal, an intraoperative electrocorticogram was done to check the irritability of the surrounding brain. Although some abnormal discharges at the surrounding temporal lobe remained, additional corticectomy or hippocampectomy was not performed, as planned.Fig. 6Intraoperative view. The lesion is a stone-like yellow mass that is completely removed in one piece.Fig. 6

2.3. Histological findings {#s0025}
--------------------------

Histologically, the lesion consisted of amorphous lamellar calcification, with eosinophilic matrix in background. These calcifications had concentric circular structure like psammoma bodies. Epithelial cells around the mass showed spindle shapes and no atypia. There was no necrosis, microvascular proliferation, or mitotic activity. ([Fig. 7](#f0035){ref-type="fig"}A,B) On immunohistochemistry, the matrix was positive for vimentin ([Fig. 7](#f0035){ref-type="fig"}C); some calcification was positive for S-100 protein ([Fig. 7](#f0035){ref-type="fig"}D); matrix of the lesion was positive for glial fibrillary acidic protein (GFAP) ([Fig. 7](#f0035){ref-type="fig"}E), and epithelial membrane antigen (EMA) was mostly negative ([Fig. 7](#f0035){ref-type="fig"}F). Based on these histological findings, the diagnosis of CAPNON was made.Fig. 7The lesion consists of amorphous lamellar calcification, with eosinophilic matrix in the background on hematoxylin--eosin (HE) staining (A, B). The matrix (C) is positive for vimentin, S-100 protein (D), and glial fibrillary acidic protein (GFAP) (E), while it is mostly negative for epithelial membrane antigen (EMA) (F).Fig. 7

2.4. Postoperative course {#s0030}
-------------------------

A follow-up MRI demonstrated the complete removal of the lesion ([Fig. 8](#f0040){ref-type="fig"}). At the last follow-up, there were no findings of lesion recurrence. The patient has been seizure-free since the surgery for one year, despite postoperative scalp EEG showing remaining small spike-and-waves at the F7 and T3 electrode derivations. This patient will remain on anti-seizure drugs and be followed up annually by MRI.Fig. 8Computed tomography (A, B) and magnetic resonance images (C, D) taken after the operation showing gross total resection of the lesion and preservation of the hippocampus (D: FLAIR image).Fig. 8

3. Discussion {#s0035}
=============

In the present case, CAPNON located in the mesial temporal lobe was a cause of drug-resistant temporal lobe epilepsy, and by removing the lesion itself, a seizure-free outcome has been achieved in the one-year follow-up period. Thirty-six years is relatively long for the duration of epilepsy, and the patient suffered from deterioration of verbal memory and delayed recall on the WMS-R, which were suspected to be due to the long-standing temporal lobe epilepsy, yet these memory deteriorations might have been prevented by earlier treatment.

In the literature, there were 54 (60%) intracranial cases [@bb0015], [@bb0030], [@bb0035], [@bb0050], [@bb0080], [@bb0100], [@bb0120], [@bb0125], [@bb0130], [@bb0135], [@bb0140], [@bb0145], [@bb0155], [@bb0160], [@bb0165], [@bb0175], [@bb0180], [@bb0185], [@bb0190], [@bb0195], [@bb0200], [@bb0205], [@bb0210], [@bb0215], [@bb0220], [@bb0225], [@bb0230], [@bb0235], [@bb0240], [@bb0250], [@bb0255], [@bb0260], [@bb0265], [@bb0275], [@bb0280], [@bb0285], [@bb0290], [@bb0295] and 36 spinal cases (40.0%) [@bb0005], [@bb0010], [@bb0015], [@bb0020], [@bb0025], [@bb0030], [@bb0035], [@bb0040], [@bb0045], [@bb0050], [@bb0055], [@bb0060], [@bb0065], [@bb0070], [@bb0075], [@bb0080], [@bb0085], [@bb0090], [@bb0095], [@bb0100], [@bb0105], [@bb0110], [@bb0115] of CAPNON. Of the intracranial cases, 36 lesions were supratentorial [@bb0015], [@bb0030], [@bb0035], [@bb0050], [@bb0080], [@bb0100], [@bb0120], [@bb0125], [@bb0140], [@bb0145], [@bb0155], [@bb0160], [@bb0165], [@bb0175], [@bb0190], [@bb0200], [@bb0205], [@bb0210], [@bb0215], [@bb0220], [@bb0235], [@bb0250], [@bb0255], [@bb0260], [@bb0275], [@bb0285], [@bb0290], [@bb0295]. Seizures were the most common symptom in supratentorial CAPNON (17/36 cases; 47.2%). [Table 1](#t0005){ref-type="table"}, [Table 2](#t0010){ref-type="table"} summarized the previously reported 17 cases of surgically treated intracranial supratentorial CAPNON associated with seizures. The seizure types were generalized tonic--clonic seizure (GTCS) in 7 cases (41.1%), focal impaired awareness seizure (FIAS) in 4 cases (23.5%), focal aware seizure (FAS) in 2 cases (11.8%), and not described in 4 cases. Among them, the detailed preoperative examinations and surgical strategy were reported in only 7 cases [@bb0120], [@bb0140], [@bb0145], [@bb0175], [@bb0250], [@bb0285], [@bb0290] (38.9%).Table 1Literature review of the cases of intracranial supratentorial CAPNON with seizures treated surgically.Table 1No.ReportAge (y)SexSideLocationSeizure typeTime before treatment (months)Postoperative follow-up (months)TreatmentTumor resultSeizure outcome1Muraki et al., 1984 [@bb0215]43FRTemporal lobeGTCSN/AN/AComplete resectionRecurrence-freeSeizure-free2Hashimoto et al., 1986 [@bb0175]29MRTemporal lobeFIAS216N/AComplete resectionRecurrence-freeN/A3Bertoni et al., 1990 [@bb0050]32MN/AFrontal lobeN/A144360Complete resectionRecurrence-freeN/A4Tsugu et al., 1999 [@bb0285]22FRParietal lobeGTCS1296Complete resectionRecurrence-freeSeizure-free5Qian et al., 1999 [@bb0030]49FN/AFrontal lobeGTCSN/A36Complete resectionRecurrence-freeSeizure-free6Tatke et al., 2001 [@bb0100]6MLTemporal lobeGTCS66Incomplete resectionRecurrence-freeN/A7Ghosal et al., 2007 [@bb0160]26FRLateral ventricleGTCS1206Complete resectionRecurrence-freeSeizure-free8Aiken et al., 2009 [@bb0125]49FLHippocampusN/AN/AN/AComplete resectionRecurrence-freeN/A9Aiken et al., 2009 [@bb0125]35MRTemporal lobeN/AN/AN/AComplete resectionRecurrence-freeN/A10Mohapatra et al., 2010 [@bb0220]48FRTemporal lobeFIASN/A6Complete resectionRecurrence-freeSeizure-free11Yan et al., 2011 [@bb0290]34MRTemporal lobeN/A8448Complete resectionRecurrence-freeSeizure-free12Stienen et al., 2013 [@bb0275]46MRParietal lobeFAS14410Incomplete resectionRecurrence-freeSeizure-free13Lyapichev et al., 2014 [@bb0200]24MRTemporo-parietal lobeGTCS21.5Complete resectionRecurrence-freeSeizure-free14Brasiliense et al., 2017 [@bb0145]67FBothFrontal lobe and brain stemFIASN/A4Complete resectionRecurrence-freeSeizure-free15Abdijaleel et al., 2017 [@bb0120]62FBothBoth cerebral hemispheresFIAS60N/AIncomplete resectionN/AN/A16Barber et al., 2018 [@bb0140]14FRFronto-parietal lobeFAS2049Complete resectionRecurrence-free50% reduction17Paolini et al., 2018 [@bb0250]17MLTemporo-occipital lobeGTCS24N/AComplete resectionN/AN/A[^1]Table 2Summary of the clinical features of intracranial and supratentorial CAPNON with seizures treated surgically.Table 2SexMale8 (47.1%)Female9 (52.9%)Age (y) mean ± SD35.5 ± 16.3SideRight10 (58.8%)Left4 (23.5%)Both1 (5.9%)N/A2 (11.8%)Single/multipleSingle15 (88.2%)Multiple2 (11.8%)LocationFrontal2 (11.8%)Frontal + midbrain1 (5.9%)Temporal6 (35.3%)Parietal2 (11.8%)Lateral ventricle1 (5.9%)Hippocampus1 (5.9%)Temporo-parietal1 (5.9%)Fronto-parietal1 (5.9%)Temporo-occipital1 (5.9%)Multiple lesions in both cerebral hemispheres1 (5.9%)Seizure typeGTCS7 (41.1%)FIAS4 (23.5%)FAS2 (11.8%)N/A4 (23.5%)Time before treatment (months)Median 84 ranging from 2 to 216Postoperative follow-up (months)Median 9 ranging from 1.5 to 360SurgeryComplete resection14 (82.4%)Incomplete resection3 (17.6%)Seizure outcomeSeizure-free9 (52.9%)Seizure remaining1 (5.9%)N/A7 (11.1%)Total17[^2]

We believe that the unique points of the present case are the imaging findings and the clinical course of epilepsy. Preoperatively, we initially considered the lesion as oligodendroglioma [@bb0305], ganglioglioma [@bb0305] or cavernous malformation [@bb0310]. That was because these are known to be calcified and cause seizures [@bb0315] [@bb0320]. After the surgery, it was pathologically diagnosed as CAPNON. Retrospectively reviewed, the imaging findings matched well with the previously reported characteristics of CAPNON (less mass effect to the surrounding normal brain and no invasion to the brain parenchyma). In the reported cases with CAPNON, the seizure outcomes following surgery were described in 10 cases and among them, seizure freedoms were achieved in 9 cases. On the other hand, reported seizure-free outcomes were 67% in low grade glioma [@bb0325], 80% in glioneuronal tumors [@bb0320] and 82.1% in supratentorial cavernous malformations [@bb0330]. Considering the efficacy of surgery for CAPNON is quite high, the lesionectomy can cure of the seizures even if the duration of the seizures are relatively long. As far as we know, the present case had the longest preoperative seizure history with a duration of over 35 years. However, we achieved a seizure-free outcome with lesionectomy alone. CAPNON is a rare lesion, and especially in the case of a single lesion, it can be ignored as a mere asymptomatic intracranial calcification. However, clinicians should keep in mind that CAPNON can be the cause of drug-resistant focal epilepsy, and also that it can be well controlled by surgical removal.

Although the lesion was located in the mesial temporal lobe close to the hippocampus, and the hippocampus seemed to have some relevance for the behavioral expression of his seizures, lesionectomy without hippocampectomy was selected in the present case. This strategy was based on the concept of preserving memory associated with functions of the hippocampus if possible. If the drug-resistant epilepsy remained after the lesionectomy, hippocampectomy or hippocampal transection [@bb0335] would then be considered as a second surgery. Our previous report [@bb0300] focused on children and short durations from the onset of epilepsy, but our surgical strategy might also be applied to adults and those with long duration of epilepsy.

4. Conclusions {#s0040}
==============

Intracranial CAPNON is a rare lesion and histrologically benign, but it may cause focal epilepsy. To control epilepsy, a surgical resection can be an effective management strategy. Therefore, surgical removal should be considered if the seizures are drug-resistant.
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[^1]: M: male, F: female, R: right, L: left, N/A: not applicable, GTCS: generalized tonic--clonic seizure, FIAS: focal impaired awareness seizure, FAS: focal ware seizure.

[^2]: N/A: not applicable, GTCS: generalized tonic--clonic seizure, FIAS: focal impaired awareness seizure, FAS: focal aware seizure.
